Summary. The 
Introduction
Dilatation of the rat cervix at term involves a large change in the dimensions of the tissue. However, it is possible to produce only very small dilatations of the cervix of the non-pregnant animal before fracture occurs (De Vaal, 1946; Harkness, 1964; Hollingsworth, Isherwood & Foster, 1979) . The cervical wet weight increases 3-fold during pregnancy (Harkness, 1964; Hollingsworth et al, 1979) but this increase in size alone would appear to be insufficient to account for the marked change in ability to be dilated at term and implies an alteration in the tensile properties or softening. Harkness (1964) and Hollingsworth et al (1979) observed that the rat cervix in vitro exhibits significant creep when a load is applied and that the creep rate (previously called extensibility) was small for the cervix of the non-pregnant rat and increased progressively between Day 16 and 22 of pregnancy. We have extended our previous comparisons of cervices from non-pregnant and early Day-22 pregnant rats by using further tensile tests, determination of collagen content and electron microscopy.
Hollingsworth et al. (1979) and Williams (1979) observed a large variation in the cervical creep rate measured on Day 22 of pregnancy when rats were killed at any time on that day. Any progressive increase in creep during the short parturient period would have contributed to this variation. Parturition in this strain of rats starts between 12:00 h on Day 22 and 16:00 h on Day 23 (Whalley & Riley, 1977) . We therefore investigated the creep properties of cervices from rats, killed at defined times in relation to parturition, on Days 22 and 23 of pregnancy. Preliminary results have been published (Hollingsworth, 1981; Hollingsworth, Gallimore & Williams, 1980 (Hollingsworth et al., 1979) . The time (Tc) for the inner circumference of the cervix after load application to reach the mean fetal head circumference at term (43-6 mm) was calculated from a computer-fitted curve (Hollingsworth et al, 1979 (after Hollingsworth, 1981) . A modified DC/25 mm linear variable differential transducer (Sangamo transducers, Bognor Regis, Sussex; t) was incorporated with one end of the transducer armature connected to the stirrup (s) on which the cervix (c) was placed and to the other end of the armature a thread was tied which went over the wheel (w) to the balance pan (b). The weight of the balance pan equalled that of the stirrup in Krebs-Henseleit solution plus the weight of the armature, so that initially there was no net load on the cervix. A thread-gripping screw (tg) was placed between the transducer and the wheel so that the transducer armature could be gradually moved to obtain an accurate measure of the inner circumference of the cervix before loading. A 60-g load was added and cervical extension measured continuously on a Rikadenki potentiometric recorder (Chessington, Surrey). (Siegel, 1956 ).
Results

Experiment 1
The creep rate (min-1) of the rat cervix on Day 22 of pregnancy increased with load, being 4-7 ± 1-3 for 20 g, 5-5 ± 0-9 for 40 g, 9-0 ± 1-2 for 50 g and 14-9 ± 4-4 for 60 g ( = 6 per group). The rats were not killed at any defined time on Day 22 which may explain the higher value and larger scatter for the 60-g group compared to Group 1, Exp. 4.
Experiment 2
The use of the linear variable differential transducer enabled rapid changes in dimension to be measured. Following application of the load there was an initial rapid extension of the cervix, completed within 1 sec, followed by a decreasing rate of extension (Text- fig. 2 ). Successive loads produced the initial rapid extension followed by a slower constant rate of extension, the latter being equivalent to the creep measured during continuous loading. After load removal there was a rapid recovery of part but not all of the extension followed by a slower recovery phase. The inner circumference before first loading was 4-7 ± 0-2 mm (N = 6) for the non-pregnant cervix and 12-8 ± 1-6 mm (N = 6) for the Day 22 pregnant cervix. The strain due to the initial rapid extension for the fifth loading cycle for cervices from early Day 22 pregnant rats (29 ± 3%) was 9 times that for the cervices from non-pregnant rats (3 ± 2%). The strain due to the initial rapid recovery after unloading was similarly increased (27 ± 3%, Day 22; 3 ± 1%, non-pregnant).
Values for the other load-unload cycles were similar. Creep for Day-22 cervices was considerably greater than for the non-pregnant cervices as previously described by Hollingsworth et al (1979) . For both groups the rate of slow recovery was less than the creep rate, so producing progressive dilatation of the cervices. (Hollingsworth et al, 1979) . However, the creep rate of cervices in Groups 2 and 3 were markedly increased (Table 1) . The difference in the values for Groups 2 and 3 did not quite reach statistical significance. There was a corresponding marked reduction in the time for the inner circumference of the cervix to reach fetal head circumference. Wet weight was not different between the three groups of cervices. The distance between the most caudal fetus and the external os was only reduced between Groups 2 and 3. Therefore, fetal descent only occurred during the period of continuous uterine contractions. Fig. 1 ). The bundles of collagen fibrils were closely packed with relatively little intervening ground substance while the fibrocytes possessed a high nucleusto-cytoplasm ratio and generally looked inactive, the majority lacking a well-developed granular reticulum (PI. 1, Fig. 3 ).
Experiment
In contrast, the cervical connective tissue of the early Day 22 pregnant rat contained bundles of collagen fibrils widely separated by pale-staining ground substance (PI. 1, Fig. 2 ). However, individual fibrils within each bundle appeared intact. The cellular elements of the cervical connective tissue consisted mainly of large, active-looking fibroblasts, each possessing a well-developed granular reticulum and numerous small mitochondria (PI. 1, Fig. 4 ). There was no obvious increase in polymorphonuclear leucocytes within the tissue. There is a marked increase in the pale-staining extracellular matrix such that the bundles of collagen fibrils and connective tissue cells are widely separated. Compare with Fig. 1 . 4500. Fig. 3 . Electron micrograph of a small inactive fibrocyte from the cervix of a non-pregnant rat. 12 000. 
Discussion
The cervix of the non-pregnant rat will only undergo strains of up to 10% before fracture and would not be capable of dilating to the dimensions required for fetal delivery at term. There is a growth of the cervix during pregnancy as reflected in an increase in wet weight and inner circumference before first loading. However, the cervix at term must dilate to an inner circumference equivalent to that of the fetal head circumference (43-6 mm; Hollingsworth et al, 1979) . This involves a strain of about 340% and is only possible due to the creep properties of the cervix at term as illustrated by Text- fig. 2 . This study therefore extends the observations of Harkness (1964) and Hollingsworth et al. (1979) that cervical softening occurs in pregnancy and demonstrates that this is largely characterized by a change in creep properties. The tensile properties of the cervix at both times can be described as viscoelastic (Hukins, 1982) . The cervical softening during pregnancy is due to a change in its tensile properties towards the viscous end of a spectrum from pure elastic to pure viscous properties.
The large change in tensile properties from non-pregnant to early Day-22 pregnant cervix, that is before parturition, is associated with pronounced changes in the connective tissue. This includes a rise in % water and a fall in collagen concentration when expressed as a % wet weight (Table 2 ; Harkness, 1964; Bryant, Greenwell & Weeks, 1968; Golichowski, King & Mascara, 1980 (1980) and Cabrai, Huszar, Romero & Naftolin (1981) found no change in total glycosaminoglycan concentration (as a % of dry weight) during pregnancy although there was an alteration in the relative proportions of different glycosaminoglycans with a selective accumulation of hyaluronate. Therefore, the biochemical changes associated with softening have still to be resolved. Liggins (1981) has suggested that there are many features associated with cervical softening that are characteristic of inflammation. However, in the early Day-22-pregnant rat cervix there was no evidence of increased numbers of polymorphonuclear leucocytes, an essential component of inflammation (Wedmore & Williams, 1981) . The increased proportion of water in the cervix during pregnancy is associated with an increased extracellular matrix as observed by electron microscopy. However, there is a marked increase in total maternal extracellular fluid volume, even when expressed as a proportion of body weight, in late pregnancy in the rat (Atherton & Pirie, 1981) . The increased hydration of the cervix in late pregnancy is therefore an exaggerated form of an event taking place in other tissues. The presence of fibroblasts with extensive granular reticulum suggest a role for this cell type in the control of cervical softening. Increased numbers of active fibroblasts have been described for several connective tissues of the ovine reproductive tract in pregnancy (Bassett, 1958) and for the cervix of immediately post-parturient sheep (Parry & Ellwood, 1981). The changes described here for the rat, in contrast to those in the sheep, could not have been the consequence of the trauma of parturition.
The characteristics of parturition measured in Exp. 3 (time of onset and duration and the magnitude of uterine contractions) were similar to those described by Fuchs (1969) The biochemical changes associated with this second stage of cervical softening remain to be measured. There was no significant change in cervical wet weight over this period although it becomes more difficult to define the uterine horn end of the cervix as parturition progresses. It has been suggested that the first stage of cervical softening is not a consequence of an increase in uterine contractility (Hollingsworth & Gallimore, 1981 
